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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a perpendicular 
magnetic recording medium which is improved so as to 
be suitable for high-density magnetic recording and a 
magnetic storage device using this medium. 
SOLUTION: The backing magnetic film of a two-layer 
perpendicular medium is made to have two or more 
layers so that one of these layers is used as a keeper 
layer 17 for keeping the perpendicular magnetization and . 
the others are used as the layers 1 3, 1 5 for increasing 
the recording efficiency of a recording head by * 
separating the functions of the medium. The generation 
of noise is reduced by regulating the magnetization 
direction of soft magnetic film other than the keeper 
layer to the peripheral direction of a disk. 
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msmimmzte \, ^x , fjiessEs-fttgitosv ^uo©:© 
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tcffi^SfLTV^»\ 4 OGb/i n»feU:«0iS^ 
Lt,-HJ-T'(i^ojt. 

[0006] immiti)^nM&m*mfz3:m&?$>& 

V^fSS^EfMftUCJt^TJIlJ 2 ©Ofl-fSi.g** 
*#<b;h.|> f!ij£<7> J: 3 lzMtl~h$Mi&Vt!§lz 
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[0008] 

#msmfEiija;*(ii3 v ^ . sfmaga^-s: < t & # 

KttJiTSUfcHMHS fife 2JlJ2LtO«3ffl»£#X,?' 

mwLmmizm^mnm&fflgummmit&mz 

[0009] 2mmmm^immmzMihmii®.'&m 
?>mm. ( 1 ) mw.witmtzm§2ixtzmtz:££tt. 

■fr* . ( 2 > Eli's. . y mwmzwxz , ^ fc 

[0010] mi &IXI32 2r#ra Lt'*>% . #5|BJIK «t 

&Siiismie^aE{*<75«fSfc^t:oi-.TaH8-ri>. 0 
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[0016] *9M?fflti£«BftMfc LTs 
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^f^ll, *St^fiCo, Co^Pd, Pd^ 

[00 17]«B8tt»fifcLTtt. Fei^Fe-N 
i. Fe-Si, Fe-Al. Fe-Al-Si, Fe 
"Crl^i Nil(7)Ni-Fe, Ni-MnjR^ 
±, Col^OCo-Nb, Co-Zr, Co-Fe|^ 
AfcSV^iMO - Fe 3 0 4 (M=Fe, Mn, Ni, C 
o, Mg, 2n. Cd)TSS*iSV7h7x7^hfc 

SttMkLTii. tSaa«t**lTia±k*S<TL3^t 
# a s H M t L < (itt^A hi'^Fe »^4C0 Fe-Ta- 
C, Fe-Si-Al. Fe-Co-C, Fe-Si- 
B, Fe-B-C, Fe-B-C-SiM, %JfCo 
l^Co-Nb-Zr, Co-Mo-Zr, Co- 
Ta-Zr, Co-W-Zr. Co-Nb-Hf, Co 
-Mo-Hf, Co-Ta-Hf, Co-W-Hf^3S 
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[0018] Rmimnmzftmtzftmittmt lx 

li % B, C, Mg, A 1 . Si, Ti, V F C r , C 
u, Zr, Nb, Mo, Ru, Hf , Ta, W, Au£> 

Si 3 N 4l BN, B 4 C, NiO, A 1 2 0 3 , Si 
0 2l CaO, Zr0 2t M g Ofrhmftltzlt^mbL 
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i 3 N 4 , BN, B 4 C, NiO, A 1 2 0 3 . Si0 2 , C 
[00 19] 

-tCC SSIttfif^Fe-50at%MnSl2r5 
0nmJ? N IKffittJf 1 3hLTCo-5at%Nb-5 
at%ZrI550nmf, ^Wtttm* 1 4 i: L T C 
uM3nm, SWRBttK 1 5 t LX C o - 5 a t % 
Nb-5at%Zrl^5 0nmI, WKttJK 1 6 fc L 
TCRSlOnmf, tt«tt« 1 7 i: LTtKBKft^ 
1. 6TOFe-8at%Si-10at%BIJr30 
nmCOlSML, ^0±lcffir&<ffc$| 1 8 t LX C o 
-20t%Cr-8at%Pt-3at%BKSr25n 

IfiffTBfiEL^. ^A'7^Ar#XEM3mTor 
r. Xy*.y*;t!7— 2 0W/cm2. »S?aK2 5 0*C 

v&kftx'BfRLtz. mm%&ftx\ mwMfm isnm. 

TtZWftltm&m 17^Fe-10at%B>2at 
%C, Fe-8at%B-2at%C-4at%Si, 
Fe-5at%Ta-3at%C, Fe-9at%Si 
-5at%Al-lat%Ni, Co-5at%Fe- 
4at%C, Co-6at%Fe-4at%B-10a 
t%S i^fcU3tJ»HiOTefcH«*«Il«**f«R 



[0 0 20] JUSSWUfcLT. I?3 0 0 nmON i 
- 2 0 a t %F e A'-7D^f WTHM4JR 
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%Pt-3at%BM25nm, &§ffit 1 9tLX* 

ttT'ffiSLfc. lfcttKfl2fcLT. JtttSTOlfcfcvrc 
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[0021 ] #HLfcSiraSffi»JK*<Ott«ttll!t(Cx 
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5 0X»6SSiT/£»*4 <I £ £ J: oTtt*4*MM 

£*to*. ii -Msammiz x xm&vmnmikcoir 
*H2^*i-«t^c«»^^x^^jg*rfi](cffl-oT^i 

[0022] oWt\ iiifeO66Pk0ie«S*«Ftt*E 
HH±^SIMco^^ ? y KfcfljwciHliUS. 
leifwH^Fe-N i'^il8S^h77;gtt0. 5 
2 /im. Sil^^lMMlII (GMR) -^K 
Oh^y?<ffte0. 4^m x y^HIBHU 0 . 0 8// 
m. 8tel*^)^->-^tt0. 02jumi:L^ s 4 0 
OkFC IO«SBE»Stf*^fc^O«*^0S/N 

t±. &nz&mi<?)s/Nt l z}ftz>mnmt lxmml 

^LT400kFCI Oldlifl-^ttJ^ray^ L£. £ 

mm* lt^^m >r x# 1 ffi^Ltswfss 

[0023] 

[an 



'( 6 ) 0 0 



1-155322 ( P 2 0 0 1 - 1 5 JLS 







No. Fe-50arffeMnSI 
(50nm) 






i j -r 


\TH *«l IB y 






1 




Co-5art*Nb-5art&Zf 
ZH(50nmxZ) 


Fc-8at%Si-10aHoB 
(30 nm) 


& 


131 


293 


15 


2 


ft 


H± 


Fe 10ai%B-2artJrC 
(30nm) 


© 


130 


290 


13 


3 


*T 


E± 


(30am) 


(8) 


133 


310 


14 


4 




R)± 


Fe-5aflbTft-3ari&C 
(3 On in) 


@ 


1.29 


285 


13 


5 






Fo-9tf%Si-5al%AHai*Ni 
(30am) 


O 


133 


325 


15 


6 




E± 


Co-Sart&FeMtari&C 
(30am) 


@ 


131 


298 


13 


7 


m 


H± 


Go-fel%Fe-4ai&B-10at«aSi 
(30nm) 


€> 


134 


314 


I- 4 


1 




Ni-20at%FcJ£JlK (300am) 


X 


1.0 


240 


1.0 


2 


m 


Ni-20art6FeGlJS© (300iim) 




1.15 


245 


L1 j 



RA..yH*ffl^fc2. 5>r y^comswsmsirftmi 
i o-'jwmrts . mm®mmm£Mmt Lxm^-r 

[00 25] [StMBl2]lEa2. 5^WJay 

«3 1 ±fc. »K^««*3fc<bffl^HSffiH3 2 fc LT 
CrMl Onnru OV*TlKffltffl«3 3 fc LT F e - 5 
0at%CoIl 0nmt*lBS34fcLTRuK3n 

mom^hitz i oiiiu. <r<7)±£F e-50 

at%ColK3 5S:l OnmgfiL^ #ffittK3 6 
aTAl 2 O 3 M5nmC0f^MU'. 
fti37i:UFe-5at%Ta-l 2at%Cjg! 
(ISSffifll: 1. 6T) £5 0nmJ5, Sttffi^UK^tS 
B s a ]S^$IJfflIffl^3 8hUTi-5at%C rjg|£ 1 0 
nm. iIM3 9HTCo-20at%Cr-8 
at%Pt-3at%BJK (ffiWKrtl: 0. 4T) £2 
5nnu SSBR4 OkLT*— *'>KS5nme0ffS» 
fiSUt. XA' 7 ^(7)Ar^E*^3mTorr, XJ* 
v$>*V-\ 0W/cm2, S«fflJBE3 1 CC^MfcttT 



CKt^F e - 4 a t %T a - 3 a t %S i - 
2 a t %Btt8SttK3 7 S £ 0 — 3 0 0 nmOKTC 

[0026] ^SL/iSii^E^«c^«;fi5ttKtzx 

Stf>«flE«: 2 5 0 t*6M*"MWW-* C t: J: 

[00 27] SfcJtttHSfcLT. BS2. 5>f>^<7> 
^'^ >S^tcSig^^c7)^ B B s ^©J^fflK 3 8 1 L 
TTi-5at%Cri^l Onm, SEE&ftiffil 3 9 k 
UCo-20at%C r-8at%Pt-3at%B 
ffi (ISSJHMt;: 0. 4T) £25nnu &HBI4 0 t L 

[0028] m&m&i:^mmw^m&Mcoimw 
rrnao. 52^m. n£m<DE*®5*&iz%)%m (g 

MR) Kcoh^-y ^6(4.0. 4/^m v >^-;UHISPi 
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fiO. OSjunu fflfe&tcr>*^-is>7lZ0. 1 5 um 

*os±st*«a3^«i. e^c^aaa^ (gmri 

MH (h77^S0. 4/znu ^-/UKraiSO. 08 
^m) i/V^'O. 1 S^mcT^^TfflV^o 2 

50 k FC I^SOOkFC I <9Bt«iES£?f*:ofc 

Umtfyf t*gMI«lStoo, 1 0 h 

0 k F C I (7>«^UKJ|C#6 nmfeLtr. 4fc 2 5 0 k 
FC I <7)*&«H»* J 1 2 nmfiltcOBf % VJISKgHfc 
^«iWOE»»fcifc'<T 1 . 2 5<&fiLL^a5*«c 

IKBttlRK^ 1 0 0 n mULhtc^ri fc 1 0 b 7 y 7 JS*> 
tzWft&Mi&ifi 1 TO±fc 3r£,r fcjWIlgSiU: . 

[0030] -tzbib. msMEStiztmzamw ^ h 

MBmin, mWmitWk<0^<Dfmmft& M s fc "f 
& fc . 4UBStt8^«E»Lfc**J: Oil- 2 5 ft 
BU^:*5riiafeaj*6»6fc*(ct±. 0. 5Bmin- 
M s ^ B s m ■ t OKHa^sfiarC* 0 . £fc«CB1£]Ra 

■wwma: ioon mJSLhic*:* t ?#>m x<n 
[ 0 0 3 1 ] *m&mx'imLtzm5ZMmmfbz: 

kB PI (Bit per Inch). h77;gJS80kTP I 
(Track per Inch) frt>tth ®feS^4 0 G b/ i n 

[0032] [3SflSW3] ttg2. 5-f>fW« 
SSrfflv^T, 7^*^hny^A s 7^:J:-oT, |6(: 

*MS1£6 JNB8ttCrfl|6 26l0nma[, Sfe 

IfiCo-21 at%Cr-12at%Pt-2at% 
Tal63$:l 5 nmf, IXmttC o - 6 a t %N b - 
3 a t%Z r!64^1 5 0 nmif. #BttS i - 1 5 
at%Bl65^8nmI. tlftFe -4 a t%S i 



-3at%A li66H0nmI, IMSSttS i!67 
Bnml, «Co-35at%Cr-l 5at% 
Ru|68r5nmH, ffitt&itJlC o - 2 1 a t%C 
r- 1 2 a t%Pt-2 a t%Taffi6 9£ 2 Onm 

mffi&tt&Co- 1 7at%Cr-l 6 at%Pt 
170^:2 nm|, ftSRfc LT#-#>-K7 1 5:4 n 

it, mmmimtzft\mzm{ftcm&&mv>mmn: 

SfiCU 1 . 4 T-C* 0 . fS#^fiWS-ft«l^& < 4ft 

[003 3] lufS^)IKmf±Fe-4at%Si- 
3 a t%A 1^6 60^0 13. V v? 6 *! i ttftHHbF 
1. lTJU±T*ft. Co-5at%Nb-2at%Z 
rJR. Co-4. 5at%Ta-3at%Zri % Co 
-4at%Mo-3at%Zri, Co-4at%W- 
3at%ZrI, Co-4at%Nb-3a t%Hf 
BL Co-3. 5 a t %T a — 2 at%Hfi. Co- 
3at%Mo-3at%HfI, Co-3. 2 a t %W 

- 3 a t %u f a«tfcJ^MiHa^«ai«r»osi: 

[0 0 34] ££>(c. H6k:*5lt6SW*ll[atfl«6 
9. 7 0<7)ftb9tCC o-5 0at%Pt*lH (jR 
if: 2 0 nm) % Fe -5 0 a t%Ptf 8S (WW- : 
2 0 nm) . {(Co:2nin)/(Pt:lnm)} 
io£JUL { (Co-16at%Cr-4at%Ta: 
2nin)/(Pt:lnm)) 10 m ( (Co-2 
Oa t%C r-6a t%B : 2nm)/(Pd: In 
in) } l0 $rmm. MfTb-1 2at%Fe-15a 

t %c ommmim (mm-. 2 5 n m > fcBKtfcu*H± 

^(C&^T. ffl|;tlf I (Co:2nm)/(Pt; In 
m) } 10 #JlKii. 2nmf^CoIUnmfOPt 

[0035] ^KL^Sl^l£ii«*ottmttK^r 

ttLxmfttZZiiolZT.iX? +'M<flft 
aU:. «5WraR(ca3I«:a«r-6ifcK:J:oT. x 

asH^ass: 3 0 orfrfeaa* -c^ai-ta ^ fc ■? 
zm^mtmz'fr-otz. * -^sm&mz x->zmm 
vmcomt^fo tTjx? wmM^mmx-mm L^fc 

[0036] ttKCTfc LT. «g6 1 ±(c. *HEttC r 
®6 2£1 Onml, KBSttC o - 2 1 at%Cr-l 
2at%Pt-2at%Tal63^1 5nmf, ®CS 
6Co-6at%Nb-3at%Zrl64t2 00n 
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mJmmk. MSC^HBttS il67^5nmg, M 
SCo-35at%Cr-l 5at%Rul68^5n 
mJ5, mSMWBkCo-2 lat%Cr-12at%P 
t-2at%Tal69*20nmf s flffifflCo 
-17at%Cr-l 6at%Ptl70^2nmf, 

2mtti. w±mnE±mm.im$& (gmr) \ 7 f 

SJjgB^^-^y^iO . 0 2xim<h Lfc. 40 
0 k F C I ^S^iaH^tT^^^O^^S/N^. 



ookFc icomm^&ii^m^Ltz. ttz. 
*)imu±tfi&ztitzm£?:K. o. ia±i&m 

CX 0. 15fcSI£©fc LTfffiffLfc. Ctl fewest. 
J2lT^>«2tarr. »2fc:*3Vvr* PJ^tf { (C 

o:2nm)/(Pt : lnm) J 10 f4, 2 nmiI<7)C 
ojBlh 1 nmffOPtffiOffl^t>ii"Sr«0igLl 0« 

mm Lt&mmx'&z z t s^u-a^s . 

[0038] 
[«2] 
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SiaSf^SSLfc. HieS*je4 0Gb/i n2(7)^fr 
[0040] [^S£PiJ4] H7^^Bfffifl}ii2:^S 



[00 39 3 ^2lZ5f^i\X\^hXo{Z^ *mffi.fflcom 

mmi&mi . mmmm t s / n % < t u** t it 
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2±lzm% 2 0 nmtfON i OR»KttK7 3 . If 
SI 00nm^)Fe-25at%NiKSi4i74, J5 
£5nmC0S i 3 N*#BfflR7 5. JSS 1 OOnm^C 
o-6at%Nb-3at%Zr«SffiS76, 15$ 5 
nmOSi0 2 ^H8ttH7 7, JP5 2 0 n mOF e - 5 
at%Ta-l 0 a t%C©:mi4K78. JI$5nmc7) 
Gei7 9 v JiS 2 Onm^Co-1 8at%C r- 1 
2at%Pt-l at%Si - 3at%B*l£»«ft;K8 

0. 5 nm^-^»B»8 1 SML, SBS 

[0 04 1] Sfcfc. B51BS i 8 N 4 f«ttEI7 4^ftfc 
Ot^ffittWSK^LTB, C.Mg, Al.Si.T 

1, V, Cr, Cu, Zr, Nb. Mo, Ru, Hf, 
Ta, W, Au, Al-10at%Mg, Si-2at 
%Ti, Ti-15at%V, Cu-5at%Ag, A 



u-50at%Ag, BN. B 4 C, NiO, Al 
2 0 3 , Si0 2 . CaO, Zr0 2 , MgO-CaO, S 
i0 2 Zr0 2 , SiO r CaO ( £JBlVfcJ2UW4HI 

«5r*^^^S±(Cll:gi?S 2 0 0 nmOll^F e - 

2 5at%Ni«tKfnatsy»fc lt»*u *<o±t 

«S 5 nmC7)Gej^ |$2 0 nm^Co- 18at% 
Cr-12at%Pt-lat%S i-3at%BS[S 

[0042] 
C«3] 
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[0 0 44] [jl*«l5]St*R|4kHSto, B7CiS 

1. 8 4>+W5*mWL7 2±i r zm$ 1 0 nm^Fe 
-50 at%P t5t^ftJK7 3. JS*T, nmOFe- 
25atXNi«BSB!74. 1JS 5 n mOC ugNKtt 
JBI7 5 % J5£T 2 nm^Co-6at%Nb-3at% 
Zrflfti7 6. il$5nmC7)S i 0 2 |fMEttJK7 
7 s I$2 0nm^Fe-5at%Ta-10at%C 
&ffittJR7 8. f^5nmOT i - 1 0 a t%C rI7 
9. f$20nm^Co-l 8at%Cr-12at% 
Pt-1 at%S i-3at%BSffififrffcR80. 
5nm^-^H8 1 £JBfcLfc— *7)gii:«« 
BIWtfleSrfWLfc. «I<IT\ Fe~25at%NiS 
S«73Ko-6at%Nb-3at%Z rtKSStt 
K7 5^it^iX^Ji$ (T lf T 2 nm) 
0 0 n mOKHT ^-ft,^^ . 

[0045] ^|«^TfflV^««tt«^|^BMkO«[ 
JfflgU^i^), Fe-25at«NiCBfflBtC 
o-6at%Nb-3at%Z r igCMffiglOtflte 1 T . 
Fe-5a t%Ta-l 0a t%Ct@ttffi<0llil . 
6Tt»^fc. i^4>^Sieia«IE«ltt**^ffil2t 

[ o o 4 6 ] Hff; Ltzmmmmmmftmrnrntkmii 

n*km?t LTimxmsmtmmm (gm 
ramtio. o7/im^fta6osi^-yK*is»LT^^ 

#1. 6T^Fe-CoIi(h77;6:0. 1 5 /i 
m, 0. 30jum, 0. 50/xm, 1. 0um)tL 

ws^mmfctmm^y f^x^— ^y?£o . o 

[0047] ^fr^OlES^ FcO«E*^ieSS&* 

tt:0/W$tt) ZW&Ltz. O/Wffffi^ lf» 
fciS&SSiffiJK ( 4 0 0 k F C I ) tofi^-^Sv^±(c 
(£SK£iHftK ( 1 0 0 k FC I ) *>«*£SfaTE»L 
t £ <0*MBE«*flE«^»ffiWS' - d B8St« 
fct& ZtiZX o TfFfffi L^: . 08 Fe-NiKS 
tt« (T,nm) % Co-Nb-Zr|iM (T 2 n 
m) <7)H*£l5jB^;:5 nm-2 0 0 nmCOffifflT^tS 
*fe«HBSRie«a*ORff <Ti=T 2 <0ftffTSE-ft) 
tO/W<0BB«Sr^-f. H8*>Jl»«4. Z (Bs Q • 
T ffi ) OlrMt^L/c. 2 ( B s n * T m ) lz 



a t %t a - 1 o a t %cmmt®comi>m&*tiT^ 

[0048] mSfrt>tyt>fr%J:ol,Z^ EI^7KOb 
o/w#f# ^ ft* i t o tz . S&miSHSI© k 

As*y H«flg»S«0«Sftl»ft (Bs h ) , fe&tf) h ? y ? 

m^m^mmttx.. o. i6Bs h -Tw^z(B 

s 0 • T.) t^^t3Wa«T**ik*«fl*»ofc. 
&^<ttBttK^Wi/hS^*3Ma4L</Z (Bs 

[0049] xmnrnvrntLtz f e - n i KKttjg. 

Co-Nb-ZrfMttl, Fe-Ta-Ctlffl^ 
M/S^^fl-etlSOnm, 50nm, 2 0nmfcLfci 

80Gb/i nt<D3kftX*x.7-ls-h$:mMLtz 
tZ*>. 1 0- B aT«0«3&«» Mufc. 
[0050] 

i^f-^X^^SO||3SA^rtgi:5:^, fcfc, 4 0Gb 
[HI ] *^tciSgiS^ie«mo-M$:^-rBr 

[02] &mimnmittfo*mwT&wmmj£m. 

[03] *«^tJ:^sa38^£«affc^ffio«&^ 

[04] m5S£BBm#<nmm&3L*f*t@. 
[05] S»BEaffi^ff(i%A«:^H. 
[06] *»BHfcJ:4Sltta^l^*^(ft^M^^ 
grM&xS0* 

[07] *»BJ(cJ:l>SlB^B^*Ofl6^J^^ 
BfM^0 e 

[08] mmmm^wmm^^m. 

m. 1 7-RBffln, is-mmm<m. 1 9-«s 
is. 2 0- -aft^ifli*. 2i-a-(toiftit % 3i-i 
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3 5-ttBttK. 3 6-#M£lt. 3 7- 
3 8- •SlR^aeftftjttflWR. 39- -SUES 
L 4 0-ftBfit. 6 1-«K. 6 2-JHKttJf. 6 
3-affittii. 6 4-(H8ffiR. 6 5-#HtttK. 6 6 
6 7-ttBttR. 6 8'-#ittI. 6 9- 



iKBftSL 7 0 
. 73 
. 76 
7 9----#ffittH 



ffi&itm. 7i-ni, 72- 

7 4-ttffitt«. 7 5 -IMS 
. 7 7-#nM». 7 8-Mft 
8 0-S«Kftflt, 8 1-fiHI 



[HI ] 



[132] 




[S3] 
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[H8] 
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10 100 
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